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radiation sources . The transparent display with eye protec 
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and an additional cockpit display surface for presentation of 
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TRANSPARENT DISPLAY WITH EYE FIG . 2 illustrates a transparent display system with eye 
PROTECTION protection according to a second illustrative embodiment . 

FIG . 3 illustrates a transparent display system with eye 
BACKGROUND protection according to a third illustrative embodiment . 

FIG . 4 illustrates a transparent display system with eye Increasing occurrences of laser attacks against aircraft protection according to a fourth illustrative embodiment . cockpits have created a need for pilot and air crew laser eye 
protection . Additionally , there is a desire to increase the DETAILED DESCRIPTION available display area in cockpits to support applications that 
improve situational awareness and reduce pilot workload . The present invention comprises a transparent display that Laser illumination of commercial airline or other aircraft 
cockpits is an operational safety threat . Flight crew exposure provides eye protection from high intensity coherent light 
to lasers can incapacitate , cause temporary flash blindness or sources , such as lasers , and high intensity non - coherent light 
afterimages , and may result in injury to pilots or other air sources , such as spotlights . The transparent display allows 
crew members . Reported laser incidents have grown tenfold users to view objects through the display while also pre 
since 2006 . 15 senting text , graphics or video on the display surface . 

There have been various approaches proposed for laser Simultaneously , the display assembly comprises a compo 
eye protection . Examples of such approaches involve cum- nent providing eye protection against high power radiation 
bersome extendable / retractable devices or devices which 
must be worn by a user for eye protection . Other approaches As noted above , there is a growing desire for additional 
include materials and / or filters for providing laser protec- 20 display capability in cockpits . However , currently there is 
tion . None of the known approaches for providing laser eye not enough available space in a cockpit . Further , the cost of 
protection address the increasing desire to display additional modifying their existing safety - critical avionics to make 
information in the aircraft cockpit . room for such additional display is prohibitive . The user of 

a transparent display , as described herein , creates a unique SUMMARY OF THE INVENTION 25 opportunity to use surfaces , such as aircraft and helicopter 
window surfaces , as transparent displays while incorporat Briefly described , the present invention comprises a trans ing laser eye protection for the air crew . parent display that also provides eye protection from lasers 

and other high intensity light sources . The light source may The transparent display used in the display systems 
consist of a single wavelength source ( for example , a 632 described herein may utilize different technologies , such as 
nm laser , or multiple wavelength sources ( for example a 632 30 LCD , OLED , AMLCD , or projection displays , including 
nm and a 543 nm laser ) . The transparent display allows users LCOS and scanned laser systems . The display may also 
to view objects clearly through the display while also comprise Head - Up Display ( HUD ) or Helmet - Mounted Dis 
presenting text , graphics , video , etc. on the display surface . play ( HMD ) configurations . The display can be permanently 
Simultaneously , the display assembly comprises a compo or temporarily positioned in the user's line - of - sight and may 
nent that provides eye protection against high power radia- 35 be packaged as a stand - alone device , as a film applied to an 
tion sources . The transparent display with eye protection aircraft window / windscreen , or as an integral part of the 
provides both eye protection from high intensity light window itself . 
sources , such as lasers , and an additional cockpit display The display assembly's eye protection components 
surface for presentation of information including graphical described herein may comprise various active and passive 
images , symbology , video , text , and other data . 40 technologies including but not limited to : rejection / notch 

In one preferred form , the present invention comprises a filters tuned to block specific laser wavelengths , linear or 
transparent laser - protective display system that includes an non - linear optical element to limit high emissions ( also 
optical element having a first side facing away from a user referred to as a power limiter ) , neutral filters to reduce the 
and a second side facing a user . The first side is configured intensity of the unwanted source , as well as narrow band 
to either reflect , deflect , absorb , or attenuate the incident 45 pass filters , long pass filters and polarizers . The eye protec 
light at undesired wavelengths from high intensity light tion components may reflect , deflect , attenuate , or absorb the 
sources , such as lasers , away from the user . The second side high intensity incident light . The eye protection component 
is configured to display images . The second side may consist may be permanently or temporarily incorporated with the 
of a matrix display , like AMLCD / OLED , or a screen for a display assembly . Further details are provided below with 
projected display . 50 reference to the drawings . 

In another preferred form , the present invention includes In the description of embodiments that follow , the inci 
a transparent laser - protective display system comprising an dent light is referred to as a laser or a high power coherent 
optical element on a side facing away from a user and a radiation source which may be reflected by various eye 
transparent display element on a side facing the user . The protection components for illustrative purposes . Further , the 
optical element is configured to either reflect , deflect , 55 transparent display components are described as screens 
absorb , or attenuate the incident light at undesired wave- and / or matrix elements in various embodiments for illustra 
lengths from high intensity light sources away from the user . tive purposes . It should be appreciated , however , that the 
The transparent display element is attached to the optical protective component may be adapted to provide eye pro 
element and is configured to display images to the user . The tection against any high power incident light by reflecting , 
transparent display element may consist of a matrix display , 60 deflecting , attenuating , or absorbing the unwanted incident 
like AMLCD / OLED , or a screen for a projected display . light . Further , the transparent display components may 

include any suitable display , including LCD , OLED , 
BRIEF DESCRIPTION OF THE DRAWING AMLCD , or projection displays . 

FIGURES Referring now to the drawings , FIG . 1 illustrates a laser 
65 protected transparent display system according to a first 

FIG . 1 illustrates a transparent display system with eye embodiment . In this embodiment , a single optical element 
protection according to a first illustrative embodiment . 100 is tuned to reflect , deflect , attenuate , or absorb common 
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threat light at specific wavelengths , e.g. , specific red and as aircraft , it should be appreciated that the invention may 
green wavelengths . The optical element 100 may also be also be useful for laser eye protection in other environments 
tuned to reflect blue light at specific wavelengths . The and / or vehicles , e.g. , cars , boats , etc. 
optical element 100 may include non linear optical power What is claimed is : 
limiters , linear optical power limiters , a holographic diffus- 5 1. A transparent eye - protective display system for a 
ing element , a notch filter with a projection screen , or may vehicle window , the system comprising : 
be formed as a grating based optical element . an optical element of the vehicle window , the optical 
A display projector 110 is designed to produce low power element including a first side and a second side , 

lasers at the same wavelength to which the optical element wherein the first side is configured to face outward 
100 is tuned . On the side 125 of the optical element facing 10 from a vehicle to reflect , absorb , attenuate , or deflect 
away from the user , the optical element 100 reflects the high incident light at one or more undesired wavelengths 
power incident light 120 at the specific wavelengths to from one or more high intensity light sources away 
which it is tuned . In this manner , the optical element 100 from the display system , and the second side is con 
protects the user from the high power harmful incident light . figured to face inward into the vehicle to display 

The side 135 of the optical element facing the user serves 15 images , wherein : 
as a projection screen to display images 130 reflected from the optical element includes one of a holographic diffus 
the projector 110. Since only light at the specific wave- ing element and a grating ; and 
lengths to which the optical element are tuned is reflected , wherein the first side includes a passive protective coating 
the situational awareness of the user's surroundings is comprising one of a linear optical power limiter and a 
maintained . non - linear optical power limiter . 

FIG . 2 illustrates another embodiment of a laser protected 2. The transparent eye - protective display system of claim 
transparent display system . In this embodiment , one side 1 , wherein the second side is configured to display an image 
235 of an optical element 200 , facing the user , is coated with reflected from a projector . 
a transparent holographic pattern to reflect light from a 3. The transparent eye - protective display system of claim 
projector 210. The projector 210 may project any suitable 25 1 , wherein the first side faces away from a user to reflect , 
light , not just light tuned to specific wavelengths . The side absorb , attenuate , or deflect the incident light at the unde 
235 of the optical element 200 serves as a projector screen sired wavelengths away from the user , and the second side 
to display images 230 reflected from the projector 210 . faces the user to display images to the user . 

The far side 225 of the optical element 200 , facing away 4. The transparent eye - protective display system of claim 
from the user , includes a passive laser protection coating . 30 1 , wherein the high intensity light sources include lasers and 
This coating may include linear optical power limiters other high power coherent radiation sources . 
( OPL ) , e.g. , photo chromatic compounds , non linear OPLs , 5. The transparent eye - protective display system of claim 
e.g. , carbon nanotube based polymeric materials , etc. The 1 , wherein the high intensity light sources include high 
coating causes the incident light 220 at undesired wave- power non - coherent light sources . 
lengths , e.g. , high power coherent light , to be reflected , 35 6. The transparent eye - protective display system of claim 
deflected , attenuated or absorbed , thus protecting the user . 2 , wherein the projector projects red , green and blue lower 
FIGS . 3 and 4 show further embodiments of laser pro- power laser light at specific wavelengths , towards the sec 

tected transparent display systems . In the embodiment ond side of the optical element , which is tuned to reflect red , 
shown in FIG . 3 , a laser protection element 325 is optically green , and blue light of the specific wavelengths . 
bonded to a display element 335. Similarly , in the embodi- 40 7. The transparent eye - protective display system of claim 
ment shown in FIG . 4 , a laser protection element 425 is 2 , wherein the second side is coated with a transparent 
optically bonded to a display element 435. The laser pro- holographic pattern to reflect a light from the projector . 
tection elements 325 and 425 are bonded on a far side of the 8. The transparent eye - protective display system of claim 
display elements 335 and 435 , respectively , with respect to 1 , wherein the first side is tuned to reflect a specific 
the user . 45 wavelength or to reflect , absorb , attenuate , or deflect broad 

The display element 335 may be a screen tuned to the band high intensity light . 
wavelength ( s ) of a projector 310. The display element 435 9. A transparent eye - protective display system for a 
may be an active matrix based transparent display , e.g. , a vehicle window , the system , comprising : 
transparent OLED or transparent LCD . an optical element of the vehicle window , the optical 

The laser protection elements 325 and / or 425 may include 50 element configured to face outward from a vehicle to 
passive laser protection components , such as the passive reflect , absorb , attenuate , or deflect incident light at one 
laser protection coating mentioned above , to reflect unde- or more undesired wavelengths from one or more high 
sired high power coherent incident light 320 and / or 420 . intensity light sources away from the display system , 
As an alternative , the laser protection elements 325 and / or wherein the optical element includes one of a holo 

425 may include active laser protection devices , such as 55 graphic diffusing element and a grating ; 
smart structures including a sensor ( not shown for simplicity a transparent display element attached to the optical 
of illustration ) . The sensor senses the wavelength and / or element and configured to face inward into the vehicle , 
intensity of incident light 320 and / or 420 , and the smart wherein the transparent display element is configured 
structure responds by absorbing , reflecting , attenuating , and / to display images , and 
or deflecting the incident light . wherein the optical element includes a passive protective 

While the claimed invention has been shown and coating comprising one of a linear optical power limiter 
described in example forms , it will be apparent to those and a non - linear optical power limiter . 
skilled in the art that many modifications , additions , and 10. The transparent eye - protective display system of 
deletions can be made therein without departing from the claim 9 , wherein the optical element is disposed on a side of 
spirit and scope of the invention as defined by the following 65 the display system facing away from a user to reflect , absorb , 
claims . For example , while embodiments described above attenuate , or deflect the incident light at the undesired 
have been directed to display systems used in vehicles such wavelengths away from the user , and the transparent display 

60 
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5 
element is disposed on a side of the display system facing 
the user to display images to the user . 

11. The transparent eye - protective display system of 
claim 9 , wherein the transparent display element includes a 
screen tuned to a wavelength of a projector that projects light 5 
toward the transparent display element , wherein the screen 
is configured to display images from the projector . 

12. The transparent eye - protective display system of 
claim 9 , wherein the display element includes an active 
matrix based transparent display configured to display 10 
images . 

13. The transparent eye - protective display system of 
claim 9 , wherein the optical element includes an active 
protective component . 

14. The transparent eye - protective display system of 15 
claim 13 , wherein the active protective component includes 
a sensor that senses the undesired wavelength and / or inten 
sity of incoming light and the optical element responds by 
absorbing , reflecting , attenuating , or deflecting the incoming 
light . 

15. The transparent eye - protection display system of 
claim 9 , wherein the optical element includes a passive 
protective component . 

16. The transparent eye - protective display system of 
claim 9 , wherein the high intensity light sources include at 25 
least one of lasers , other high power coherent radiation 
sources , and high power non - coherent light sources . 
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